Abstract. We present the results of numerical calculations of the energy levels and eigenfunctions of finite sections of a tight-binding square lattice in the presence of a perpendicular magnetic field. The energy spectrum of such a system, plotted as a function of magnetic field, resembles the Hofstadter butterfly found for the infinite system. In high magnetic fields, each eigenstate carries a persistent current which has a chirality associated with whether the eigenstate exists in the bulk or the edge of the system. We present simulations of electric dipole transitions between the chirally distinguished states for an isotropic lattice. These transitions correspond to harmonics in the cyclotron resonance.
If a two-dimensional (2D) electron system is subjected to a perpendicular magnetic field, the energy dispersion is quantised into Landau levels. In a tight-binding model, these Landau levels become selfsimilar patterns of magnetic subbands and the resulting spectrum is the celebrated Hofstadter butterfly [1] . The increasing interest in nanotechnology and quantum dots has motivated simulations of finite systems [2] [3] [4] . One reason is that the infinite case studied by Hofstadter cannot naturally illustrate the importance of edge states in a real system. In addition, from a numerical point of view, the advantage of a finite system is that it is characterised by a finite basis set, which can be used to elucidate properties of particular eigenfunctions.
In this work we present the results of numerical simulations of finite sections of a simple square lattice of lattice constant a, modelled using a tight-binding model. Our approach is described in detail elsewhere [3] but the result is an energy spectrum which resembles the Hofstadter butterfly, shown in Figure 1 (a) for an isotropic lattice with 20 × 20 sites. The probability current is given by
where α = Ba 2 /Φ 0 is the number of flux quanta Φ 0 passing through each lattice plaquette and n and m are integers denoting a lattice site located at r n,m = nai + maj. This approach has been useful in quantum dot and antidot studies [3, 4] . The eigenfunctions carry persistent currents whose chirality in high magnetic fields is associated with whether these states are localised around the edges or the bulk of the lattice [6] . Figures 1(b) and (c) illustrate persistent currents associated with edge and bulk eigenstates of an electron in an isotropic lattice. The energetic contribution of these eigenstates to the energy spectrum as the field is increased is opposite: one orbit contributes diamagnetically to the spectrum whilst the other contributes paramagnetically [3, 6] . We distinguish the bulk eigenstates from the edge eigenstates by the chirality of their persistent currents and then evaluate the oscillator strengths of electric dipole transitions, which are proportional to | ψ i |x|ψ j | 2 , between the energy eigenkets |ψ i and |ψ j , where x is a position operator. Figure 2 illustrates the electric dipole transitions that are above an arbitrary intensity between chirally identified states which differ in energy by ∆E. Also shown are the transition intensities for an arbitrarily chosen magnetic field at different filling fractions f . These transitions correspond to harmonics in the cyclotron resonance which have also been studied using semiclassical models [7] . In addition, as the band filling increases, new values of ∆E become important or equivalently, new harmonics appear in the cyclotron resonance.
We are currently extending these calculations to the band structures of κ-phase organic materials in order to compare these results with existing semiclassical models.
